Objective To prospectively examine the relation between the Dietary Approaches to Stop Hypertension (DASH) and Western diets and risk of gout (ie, the clinical endpoint of hyperuricemia) in men.
Introduction
Gout is the most common inflammatory arthritis and is caused by hyperuricemia. The prevalence of gout has increased over several decades among adults in the UK and USA to 3.2% and 3.9%, respectively. 1 2 This disease burden is further complicated by a high level of cardiovascular metabolic comorbidities 3 (eg, hypertension in 74% 3 of patients and metabolic syndrome in 63% 4 ) and their sequelae (eg, an increased future risk of myocardial infarction 5 and premature death 6 ). The conventional approach of a diet low in purine for gout care offers limited efficacy, palatability, and sustainability. This low protein diet promotes increased consumption of refined carbohydrates (including fructose) and unhealthy fats (including trans fats) that can actually worsen cardiovascular metabolic comorbidities by furthering insulin resistance and increasing levels of plasma glucose, triglycerides, and low density lipoprotein cholesterol. 7 8 Therefore, there is a key unmet need for an effective dietary strategy to address both the morbidity burden of gout and its associated cardiovascular metabolic comorbidities.
There are proved effective dietary approaches for cardiovascular metabolic conditions that could also lower serum uric acid levels. For example, the Dietary Approaches to Stop Hypertension (DASH) diet substantially reduces blood pressure and is recommended for preventing cardiovascular disease. 9 The DASH diet emphasizes intake of fruits, vegetables, low fat dairy foods, and reduced saturated and total fat. Furthermore, a recent ancillary analysis of an original DASH randomized trial found that the DASH diet lowers serum uric acid levels substantially among people with hyperuricemia compared with a typical American diet. 10 Thus, the DASH diet may be particularly useful in gout care by reducing both serum uric acid levels and cardiovascular disease risk. This is especially relevant to patients with hypertension, a common comorbidity of gout 3 ; however, corresponding data for the risk of gout are not available. Conversely, the Western diet (reflecting higher intake of red and processed meats, beverages sweetened with sugar, sweets, desserts, French fries, and refined grains) contains many foods that have previously been established to increase serum uric acid levels and the risk of gout, which may explain the increasing prevalence of gout in Western countries. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, no direct data linking the Western diet with the risk of gout are available.
Although individual nutrients and foods that are associated with hyperuricemia and gout risk have been identified, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] in reality they are consumed in combination and therefore their joint associations can be best investigated by considering the entire eating pattern. 26 Furthermore, the analysis of food consumption in the form of dietary patterns (eg, the DASH and Western diets) offers a comprehensive approach to disease prevention and treatment by addressing the collective health benefit of the whole diet and enhancing the applicability and sustainability in practice. Various dietary studies have indicated that changes in dietary patterns (including the DASH diet) can decrease major clinical endpoints such as blood pressure, body mass index, and cardiovascular risk factors as well as disease complications. [27] [28] [29] [30] [31] [32] However, data on the relation between dietary patterns and the risk of gout are scarce.
Thus, we evaluated the relation between the DASH and Western diets and the risk of gout (ie, the clinical endpoint of hyperuricemia) in a large prospective cohort, and we hypothesized opposing associations with these two diets.
Methods

Study population
The Health Professionals Follow-up Study (HPFS) is an ongoing longitudinal study that was established in 1986 when 51 529 male dentists, optometrists, osteopaths, pharmacists, podiatrists, and veterinarians returned a mailed questionnaire assessing diet, medical history, and medication use. The men are predominantly white (91%) and were aged 40 to 75 in 1986. Eligible person time follow-up for the HPFS has exceeded 90% at each two year assessment cycle. We limited our analysis to men who provided complete information on dietary patterns and excluded those with a history of gout before 1986. A total of 44 444 men were included in this analysis.
Assessment of dietary patterns
Beginning in 1986, dietary intake was assessed every four years using a validated food frequency questionnaire that inquired about the average intake of individual foods and beverages during the previous year. The current version of the questionnaire used in the HPFS includes more than 130 individual foods each with nine frequency choices, plus supplemental vitamins, minerals, as well as an open ended section for foods that are not specified on the questionnaire. The reproducibility and validity of the food frequency questionnaire has been documented in the HPFS as well as in the Nurses' Health Study. [33] [34] [35] [36] To represent the Dietary Approaches to Stop Hypertension (DASH) diet for all participants, we used a previously derived DASH dietary pattern score based on individual dietary components from the food frequency questionnaire that are emphasized or minimized in the DASH diet, 37 38 focusing a priori on its eight key food or nutrient group components: high intake of fruits, vegetables, nuts and legumes, low fat dairy products, and whole grains, and low intake of sodium, sweetened beverages, and red and processed meats. 39 The original DASH diet also limits saturated fat intake, which is reflected in part by a low emphasis on red and processed meats in this DASH score. 37 For each of the components, all participants were classified into fifths according to their intake ranking. The fifth rankings were assigned as the component score for each of the five healthy food group items (fruits, vegetables, nuts and legumes, low fat dairy products, and whole grains). For example, the first fifth is assigned 1 point and the fifth fifth is assigned 5 points. In contrast, low intake is desired for sodium, sweetened beverages, and red and processed meats. Therefore, the lowest fifth for each of these three items was given a score of 5 points and the highest fifth was given 1 point. We then summed the component scores to obtain an overall DASH score for each participant, ranging from 8 to 40. This DASH score has been successfully used in our prior cohort studies for the risk of cardiovascular disease and kidney stones. 37 38 To represent the dietary patterns of many modern Western countries, we used a Western dietary pattern previously identified in this cohort, which was characterized by higher intakes of red and processed meats, sugar sweetened beverages, sweets, desserts, French fries, and refined grains. A higher Western dietary pattern score has previously been shown to be associated with an increased risk for type 2 diabetes, coronary heart disease, and colon cancer in our cohorts. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] As previously detailed, the Western dietary pattern score was previously derived in this cohort by applying the principal components program for factor analysis, which aggregates correlated foods to exposure data obtained from the food frequency questionnaire. 26 44 Each participant was assigned a Western pattern score by summing the standardized intake of each food group, weighted by the factor loadings of the foods. 45
Assessment of non-dietary factors
The participants provided information on weight, regular use of medications (including thiazides and loop diuretics), and medical conditions (including hypertension) at baseline, and every two years thereafter. 35 Body mass index was calculated using the most recently updated weight. Self reporting of these data have been found to be reliable in validation studies, and previous studies have shown the lifestyle information provided by participants is able to predict the risk of relevant future diseases, including gout. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 
Ascertainment of incident gout
We ascertained incident cases of gout using the American College of Rheumatology survey criteria for gout, as previously described. Participants indicated whether they had received a diagnosis of gout from a physician on each biennial questionnaire. We mailed a supplementary questionnaire to those participants who had reported incident gout diagnosed from 1986 onwards to confirm the report and to ascertain the preliminary American College of Rheumatology criteria for gout. The primary endpoint in this study was incident gout that met six or more of the 11 criteria for gout (more than one attack of acute arthritis, maximum inflammation developed within one day, oligoarthritis attack, redness observed over joints, painful or swollen first metatarsophalangeal joint, unilateral first metatarsophalangeal joint attack, unilateral tarsal joint attack, tophus, hyperuricemia, asymmetric swelling within a joint (or on radiography), and complete termination of an attack). The overall response rate for the supplementary gout questionnaire was 80%. 13 To confirm the validity of the gout criteria in our cohort two rheumatologists, who were board certified, reviewed the medical records from a sample of 50 of the men who had reported having gout. The concordance rate between the criteria and the medical record review was 94%.
Statistical analysis
We computed person time in years for each participant from the return date of the 1986 questionnaire to the date of gout diagnosis, death, or the end of the study period (2012), whichever came first. We excluded participants from subsequent follow-up who died or reported having gout on previous questionnaires.
To best represent the average dietary intake by individual participants over the long term, we used the cumulative average intake based on the dietary information from baseline to the latest point of follow-up as a time varying variable. For example, the incidence of gout from 1986 through 1990 in the HPFS was computed using the intake data from the 1986 questionnaire, and the incidence from 1990 through 1994 was computed using the average of intakes reported on the 1986 and 1990 questionnaires.
We used Cox proportional hazards modeling (PROC PHREG) to estimate the relative risk for incident gout in all multivariable analyses (Version 9.3, SAS Institute, Cary, NC). For these analyses, we categorized the DASH and Western dietary pattern scores into fifths. Multivariable models were adjusted for several variables in a time varying manner: age (continuous), total energy intake (continuous), body mass index (<21, 21.0-22.9, 23.0-24.9, 25.0-29.9, 30.0-34.9, and ≥35 kg/m 2 ), use of diuretics (yes or no), history of hypertension (yes or no), history of renal failure (yes or no), alcohol intake (0, 0.1-4.9, 5.0-9.9, 10.0-14.9, 15.0-29.9, 30.0-49.9, and ≥50.0 g/day), and coffee intake (0, <1, 1-3, and ≥4 cups/day). Trends in gout risk across categories of dietary pattern scores were assessed in Cox proportional hazards models by using the median values of intake for each category to minimize the influence of outliers. We conducted analyses stratified by body mass index (<25 kg/m 2 or ≥25 kg/m 2 ), alcohol use (yes or no), and hypertension (yes or no) to assess potential effect modification. We tested the significance of the interaction using the likelihood ratio test by comparing a model with the main effects of each intake and the stratifying variable and the interaction term with a reduced model with only the main effects. For all relative risks, we calculated 95% confidence intervals. All P values are two sided.
Patient involvement
Patient input (from the Arthritis Patient Advisory Board, an established arthritis research patient group) was sought in the development of the research question investigated in this report, and a recent survey conducted by the Gout and Uric Acid Education Society 49 additionally found a preference for non-pharmacologic options among many patients with gout. Moreover, in collaboration with the same patient group, we have developed a dissemination plan that includes a presentation of our findings at an annual public forum as well as the production of a short educational video, both of which include the contents of this report.
Results
Baseline characteristics
Over 26 years of follow-up, we documented 1731 newly diagnosed gout cases meeting the American College of Rheumatology criteria (1500 (86.7%) with podagra, 1226 (70.8%) with hyperuricemia, 605 (35.0%) with tarsal joint involvement, and 167 (9.6%) with tophi). Table 1⇓ shows the characteristics of the cohort according to fifths of the Dietary Approaches to Stop Hypertension (DASH) and Western dietary pattern scores at baseline. Men in the highest fifth of DASH dietary pattern score tended to be older and had a lower body mass index compared with participants in the lowest fifth. Men in the highest fifth of DASH dietary pattern score also had lower intakes of alcohol and coffee than participants in the lowest fifth. Comparatively, men in the highest fifth of Western pattern score tended to be younger, had a higher body mass index, and had higher intakes of alcohol and coffee. figure 1⇓ show that a higher DASH dietary pattern score was associated with a lower risk of incident gout in both age adjusted and multivariable regression models. After adjusting for age, total energy intake, body mass index, diuretic use, history of hypertension, history of renal failure, alcohol intake, and coffee intake, the relative risk for men in the highest fifth compared with the lowest fifth of DASH dietary pattern score was 0.68 (95% confidence interval 0.57 to 0.80, P value for trend <0.001). Table 2⇓ and figure 2⇓ show that a higher Western dietary pattern score was associated with a higher risk of incident gout in both age adjusted and multivariable regression models. After adjusting for age, total energy intake, body mass index, diuretic use, history of hypertension, history of renal failure, alcohol intake, and coffee intake, the relative risk for men in the highest fifth compared with the lowest fifth of Western dietary pattern score was 1.42 (95% confidence interval 1.16 to 1.74, P value for trend 0.005).
DASH dietary pattern and incident gout
Western dietary pattern and incident gout
Risk according to body mass index, alcohol use, and hypertension status
We conducted stratified analyses to evaluate whether the association between the DASH and Western dietary pattern scores and the risk of gout varied according to body mass index, alcohol use, and hypertension status. Table 3⇓ shows that relative risks from these stratified analyses consistently suggested associations similar to those from the main analysis, and there was no significant interaction with these variables (all P values for interaction >0.17).
Discussion
In this large prospective cohort study, we found that the Dietary Approaches to Stop Hypertension (DASH) diet was associated with a lower risk of incident gout. In contrast, the Western diet was associated with an increased risk of incident gout. These associations were independent of risk factors for gout such as age, body mass index, hypertension, renal failure, diuretic use, alcohol intake, and coffee intake, and did not differ by body mass index, alcohol intake, and hypertension status. These data suggest that the DASH diet could offer an attractive dietary strategy that would be useful in the prevention of gout and its comorbidities in high risk patients with hyperuricemia. If confirmed by future intervention trials, this approach would be particularly relevant to patients with gout who have hypertension and cardiovascular disease, given its antihypertensive and cardiovascular disease benefits.
The main components of the DASH diet include fruits, vegetables, nuts and legumes, low fat dairy products, and whole grains, combined with a low intake of sodium, sweetened beverages, and red and processed meats. This pattern substantially overlaps with previous study findings of individual dietary risk factors for hyperuricemia and gout such as meat, seafood, alcohol, fructose-rich beverages, as well as protective (or neutral) factors such as low fat dairy intake, vegetables, cherries, legumes, nuts, and plant protein. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] This explains why the dietary pattern is associated with a lower risk of gout in a dose-responsive manner. Reduced purine loading and insulin resistance, as well as the resulting uricosuric effects, have been thought to be potential mechanisms behind anti-gout foods leading to lower serum uric acid levels. [50] [51] [52] Indeed, a recent ancillary analysis (n=103) of a DASH diet trial 28 found that the DASH diet lowers serum uric acid levels compared with a typical American diet (ie, control diet), particularly among those with hyperuricemia (ie, by 1.0 mg/dL in those with a baseline serum uric acid level ≥6 mg/dL and by 1.3 mg/dL in those with a baseline serum uric acid ≥7 mg/dL). 10 These findings collectively suggest that the DASH diet's ability to lower uric acid levels can be translated to a lower risk of developing gout.
The DASH diet has other important health benefits relevant to patients with hyperuricemia or gout, both of which are associated with a high level of cardiovascular metabolic comorbidities 3 53 and mortality. 6 A series of randomized controlled trials found that DASH based diets substantially reduce blood pressure. [27] [28] [29] [30] For example, the original DASH trial found that the DASH diet reduced systolic and diastolic blood pressure by 11.4 and 5.5 mm Hg more than the control diet, respectively. 27 As hypertension is present in 74% of patients with gout (and in 50% of people with hyperuricemia), 3 nearly three out of four patients with gout would already be indicated for the DASH diet to treat their hypertension. Our findings, together with the recently shown urate lowering effect of the DASH diet, 10 suggest that the diet could also help their gout. To that end, the American Heart Association guidelines for cardiovascular health and the dietary management of hypertension endorse foods and dietary approaches that are similar to those included in the DASH diet. 9 Furthermore, the DASH diet has been shown to be associated with a lower risk of coronary heart disease, stroke, and kidney stones, all of which are correlates of gout and hyperuricemia. 3 As such, the DASH diet could be useful not only in the prevention of gout and its comorbidities in high risk patients with hyperuricemia, but also when urate lowering drugs are not yet indicated in patients with gout (a more frequently encountered scenario in primary care). Moreover, even when such drugs are indicated, the DASH diet would serve as a useful adjunct therapy to improve the cardiovascular comorbidity profile of the patient. Finally, many patients with gout prefer non-pharmacologic options for treatment, according to a recent survey by the Gout and Uric Acid Education Society 49 . There is also some skepticism about the approach of treating gout with drugs to lower a patient's urate level ("treating to target") raised by the recent American College of Physicians gout guidelines for general physicians. Therefore, our results and further evidence about the efficacy of non-pharmacologic options have become more relevant to gout care. 54 Our findings also have practical implications for the prevention of gout. While individual dietary risk factors for hyperuricemia and gout have been identified, a piecemeal approach to modifying the various, yet limited, number of specific dietary risk factors is often ineffective and impractical. For example, focusing exclusively on reducing protein content in the conventional diet low in purine often provides an incomplete dietary recommendation without considering the proper replacement with healthy calorie sources, which in turn could actually worsen the metabolic syndrome and its consequences, 7 8 which include hyperuricemia and gout. In contrast, a healthful complete dietary pattern approach such as the DASH diet reflects the way foods are consumed in reality and can facilitate the dissemination and adoption (by providing comprehensive diet instructions and ongoing support) in both public health and clinical practice. Moreover, unlike the conventional low purine approach, another important advantage of the DASH diet is its palatability, 55 which is important for sustainability. 7 8 For example, a post hoc survey of a DASH trial found that participants enjoyed the DASH diet and were willing to continue with it more than the control diet. 55 In contrast, we found that the Western diet was independently associated with an increased risk of gout. This provides the first prospective evidence that the Western diet, reflecting fast foods abundantly available in Western countries, can explain the increasing prevalence of gout observed in such settings. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Increased purine intake from animal sources and insulin resistance resulting in anti-uricosuric effects are likely mechanisms of this diet leading to hyperuricemia and eventually gout. [50] [51] [52] Replacing the Western diet with a healthful eating approach such as the DASH diet could help prevent the rising burden of gout, in addition to other expected public health benefits (eg, hypertension benefits).
Strengths and weaknesses of this study
Our study had a large number of confirmed cases of incident gout, and we prospectively collected and validated the dietary intake data. Potential biased recall of diet was avoided in this study because the intake data were collected before the diagnosis of gout. As dietary consumption was self reported by questionnaire, some misclassification of the exposure is inevitable. However, dietary consumption that was self reported has been extensively validated in subsamples of this cohort, 33 34 and any remaining misclassification would have likely biased the results toward the null. The use of repeated dietary assessments in the analysis not only accounts for changes in dietary consumption over time, but also decreases measurement error. The validity of gout ascertainment in these cohorts has been documented by the high degree of concordance with medical record review.
The cohort of male medical professionals minimizes the potential for confounding associated with socioeconomic status, and we were able to obtain high quality data with minimal loss to follow-up. Although the absolute rates of gout and the distribution of dietary intake may not be representative of a random sample of American men, the biological effects of the DASH diet on gout (as reflected by the relative risks) should be similar. Our findings can be extrapolated most directly to white men over the age of 40 with no history of gout. Since the prevalence of risk factors for gout and its incidence tend to be higher in the general population and among African-Americans, the magnitude of the absolute risk difference associated with the DASH and Western diets might be greater than that observed in the current study. 
Conclusion
Our findings provide the first prospective evidence that the DASH diet is associated with a lower risk of incident gout, whereas the Western diet is associated with an increased risk of incident gout. The DASH diet could offer an attractive preventive dietary approach for the risk of gout. These data also provide support for intervention studies to examine the effects of the DASH diet on serum uric acid levels among patients with gout as well as for the risk of gout flares.
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What is already known on this topic
The Dietary Approaches to Stop Hypertension (DASH) diet (based on high intake of fruits, vegetables, nuts and legumes, low fat dairy products, and whole grains, and low intake of sodium, sweetened beverages, and red and processed meats) reduces blood pressure and is also recommended to prevent cardiovascular disease A recent analysis of a DASH randomized trial found that the DASH diet also lowers levels of serum uric acid among patients with hyperuricemia; however, corresponding data for the risk of gout are not available
In contrast, the Western diet (based on high intake of red and processed meats, French fries, refined grains, sweets, and desserts) contains many individual foods that have previously been established to increase levels of serum uric acid and the risk of gout
What this study adds
The DASH diet is associated with a lower risk of gout, whereas the Western diet is associated with a higher risk of gout
The DASH diet may provide an attractive preventive dietary approach for the risk of gout Tables   Table 1| Baseline 
